The responses of steel buildings with perimeter moment resisting frames (PMRF) with W14 columns are estimated and compared with those of buildings with deep columns (W27), which are selected according to two criteria: equivalent resistance and equivalent weight. It is shown that buildings with W27 columns have no problems of lateral torsional, local or shear buckling in panel zone. Whether the response is larger for W14 or W27 columns, depends on the level of deformation, the response parameter and the structural modeling under consideration. Modeling the buildings as twodimensional structures result in an overestimation of the response. The axial load on columns may be significantly larger for the buildings with W14 columns. The interstory displacements are always larger for W14 columns, particularly for equivalent weight and plane models, implying that using deep columns helps to reduce interstory displacements, which is an important parameter considered in building design codes. This is particularly important for tall buildings where the design is usually controlled by the drift limit state. The interstory shears in interior gravity frames (GF) are significantly reduced when deep columns are used. This helps to counteract the no conservative effect that results in design practice, when lateral seismic loads are not considered in GF of steel buildings with PMRF. Thus, the behavior of steel buildings with deep columns, in general, may be superior to that of buildings with W14 columns, using less weight and representing, therefore, a lower cost.
INTRODUCTION
The devastating effects caused by large-scale seismic events, occurred in several parts of the world during the last decades, have originated an intensification of earthquake engineering research in recent years. Different structural systems are continuously studied to improve the structural behavior under the action of severe seismic loads. In the case of steel buildings, moment resisting frames (MRF) are widely 1) Professors 2) PhD Students Note: Copied from the manuscript submitted to "Steel and Composite Structures, An International Journal" for presentation at ASEM13 Congress used due to their great ductility capacity. In some developed countries, like United States, the common practice in these buildings is to use two MRF in each direction, usually located at the perimeter (PMRF) and gravity frames (GF) at the interior. The first are designed to resist the total seismic load and the second the gravity loads. For analysis and seismic design purposes, the buildings are modeled as two-dimensional (2D) structures, but in reality what we have is a three-dimensional (3D) structure. Modeling these buildings as planes frames may not represent the real behavior of the structure, since the participation of some elements is not considered and the contribution of some vibration modes is ignored. Besides, the properties in terms of stiffness, mass distribution, natural frequencies and energy dissipation characteristics for the 2D and 3D models of these structures can be very different. Therefore, their seismic responses are expected to be very different too.
In design practice of steel buildings with MRF, the use of deep columns is not common. The reported studies about the behavior of steel buildings with this type of structural system are, mainly, for the case of W14 columns or smaller. However, in many cases, the design requires higher bending and shear stiffness to control the drifts in such a way that the use of larger columns (W24 or higher) could result in more economical designs. Therefore, it is of interest to study the behavior of the structural system under consideration with deep columns. The main objective of this research is to estimate the seismic responses of steel buildings with PMRF with W14 columns and compare them with those of the same buildings but using W27 columns in the PMRF. The comparison is made in terms of individual local and global response parameters as well as in terms of multiple local response parameters. Two-and three-dimensional structural representations are considered.
LITERATURE REVIEW
The study of the seismic behavior of steel buildings with MRF has been of particular interest to the civil engineering profession. Gupta and Krawinkler (2000) studied the behavior of several models designed according to the design provisions of some United States cities. Lee and Foutch (2001) studied the seismic behavior of 26 post-Northridge buildings that represent typical steel MRF buildings, subjected to sets of 20 SAC ground motions representing the 2/50 and 50/50 hazard levels. They concluded that all of the post-Northridge buildings exhibit a high confidence of performing. Foutch and Yun (2002) investigated the accuracy of simple nonlinear as well as more detailed modeling methods used in the design of MRF. They showed that the model which incorporates clear length dimensions between beams and columns, panel zones and an equivalent gravity bay without composite action from the slab, could be a practical model with good accuracy. Mele et al. (2004) compared the seismic behavior of steel buildings with perimeter MRF with the seismic behavior of steel buildings with spatial MRF, concluding that the response of the two systems is similar, in terms of local and global response parameters.
In another study, Lee and Foutch (2006) studied the seismic behavior of 3-, 9-, and 20-story MRF designed for different reductions (R) factors. A total of 30 different structural models and 20 ground motions were used. The results showed that the current R factors provide conservative designs for low-rise steel buildings but showed a low level of confidence for high buildings. Krishnan et al. (2006) determined the damage produced by hypothetical earthquakes on two 18-storey steel MRF, one existing and one improved according to the 1997 Uniform Building Code (UBC), located in southern California, USA. They concluded that severe damage could occur in these buildings. The redesigned building performed significantly better than the existing one, however, the design based on the 1997 UBC was still not adequate to prevent serious damage. Liao et al. (2007) developed a three-dimensional finite-element model to examine the effects of bi-axial motion and torsion on the nonlinear response of steel MRF. Effects of gravity frames, panel zones, and inelastic column deformation were considered. Results indicated that torsional effects due to asymmetric member failures are important, that the conventional lumped-plasticity model limits the plasticity of columns and that fracture failures of the pre-Northridge connections have a severe impact on the buildings performance. Kazantzy et al. (2008) proposed a methodology for the probabilistic assessment of low-rise steel buildings and applied it to a welded MRF, emphasizing the modeling of connections. They found that structures experiencing connection brittle failure undergo large deformations, resulting in a low reliability in terms of achieving code-related performance parameters. More recently, Chang et al. (2009) , by using 6-and 20-level steel office buildings, studied the role of accidental torsion in seismic reliability assessment. They concluded that ignoring the accidental torsion can lead to an unsafe evaluation of the strength of the building and that, on the other hand, the use of code accidental eccentricity may give conservative estimates.
Despite the large amount of research developed in the area of seismic behavior of steel buildings with MRF and the important contributions of the above-mentioned studies, and many others, a few studies have been developed in relation to the performance evaluation of steel buildings with MRF with deep columns. Shen et al. (2002) investigated the use of MRF with deep columns. They studied the seismic behavior of the 10-level model used in the SAC Steel Project (SAC, 1996) and developed an equivalent model replacing the W14 columns by W27 columns in order to compare their seismic behavior.
Step-by-step nonlinear seismic analysis in time domain and incremental lateral static analysis (pushover) were performed. It was shown that using deep columns instead of W14 sections could result in a better behavior to resist lateral loads, much better control of drifts and damage or in reduced costs of construction. They showed that with the presence of the floor slab and the transverse beams is enough to eliminate or reduce the deep columns twisting to negligible levels without any consequences on the structure. It is important to mention that this study was limited to plane frames. Zhang et al. (2004) studied the seismic behavior of moment connections with reduced beam sections and deep wide flange columns, concluding that all specimens under study satisfied the criteria of the AISC seismic provisions and that the floor slab effect is very important since this can significantly reduce the lateral displacement of the bottom flange in the reduced beam section. Shao and Hale (2004) tested three full-scale beam-columns assemblies using W36x256 beams and W30x261 columns. They concluded that the proposed connections satisfy the two interstory displacement cycles of 0.04 and the inelastic rotation of 0.03 required for the Office of Satatewide Health Planning and Development (OSHPD).
OBJECTIVES
The main objective of this research is to compare the seismic responses of steel buildings with deep (W27) columns with the corresponding responses of buildings with columns of medium size (W14). Two of the steel building models considered in the SAC Steel Project (FEMA, 2000) are particularly studied. In these models, W14 columns at the PMRF are used. The W27 columns are selected according to two criteria: (1) equivalence in terms of strength, wherein the plastic moments about the major axis are approximately the same for the two types of sections (the W14 columns weight is approximately 60% higher and therefore represents a higher cost), and (2) equivalence in terms of weight (equal cost). The comparison is made in terms of single global (interstory displacements and shears), single local (axial loads and bending moments) and multiple local response parameters. Plane and three-dimensional models as well as elastic and inelastic analysis are considered. The structural models are submitted to the action of twenty seismic records, which have been previously selected taking into account their intensity, frequency contents and strong phase duration. For the inelastic deformation level the earthquakes are scaled so that the models suffer significant yielding but without producing their failure.
MATHEMATICAL MODEL
An assumed stress-based finite element algorithm (Gao and Haldar, 1995; ReyesSalazar, 1997) , is used to estimate the nonlinear seismic responses of the building models under consideration as accurately as possible. The procedure estimates the responses by considering the main sources of energy dissipation and material and geometry nonlinearities. In this approach, an explicit form of the tangent stiffness matrix is derived without any numerical integration. Fewer elements can be used in describing a large deformation configuration without sacrificing any accuracy, and the material nonlinearity can be incorporated without losing its basic simplicity. It gives very accurate results and is very efficient compared to the commonly used displacementbased approaches. A computer program has been developed to implement the algorithm. The computer program has been extensively verified using information available in the literature. The structural responses in terms of member forces (axial and shear forces, and bending and torsional moments), interstory shears and displacements or any other response parameter, can be estimated using the program.
STRUCTURAL MODELS
Several steel model buildings with MRF were considered in the SAC steel project (FEMA, 2000) . The models were designed by three consulting firms of United States according to the specifications of the following three cities codes: Los Angeles (Uniform Building (UBC 1994)), Seattle (UBC 1994) and Boston (Building Officials & Code Administration (BOCA 1993) ). The 3-and 10-level buildings located in the Los Angeles area are considered in this study. They will be denoted hereafter as Models 1 and 2, respectively. The fundamental periods of Model 1 are estimated to be 1.03, 0.99 and 0.07 sec., in the X (horizontal), Y (horizontal) and Z (vertical) directions respectively.
The corresponding values for Model 2 are 2.22, 2.11 and 0.16 sec. The damping is considered to be 5% of the critical damping; the value used commonly in code provisions. The elevations of the models are given in Figs. 1(a) and 1(d) and their plans in Figs. 1(b) and 1(e). In these figures, the perimeters MRF are represented by continuous lines and the interior GF by dashed lines. Resultant forces are estimated for some particular columns, which are located at the ground floor level and are shown in Figs. 1(c) and 1(f) for Models 1 and 2, respectively.
The columns of the perimeters MRF are of section W14; Table 1 shows the sections. As previously mentioned, the seismic response of these models is compared with the response of equivalent models (in terms of strength and weight) with deep columns. The column sections of the equivalent models are given in Table 2 . The sections of the interior gravity frames and the beams of the perimeter MRF are the same for the SAC and equivalent models. The fundamental periods of the 3-level model in the X (horizontal), Y ( horizontal) and Z (vertical) directions for the case of equivalent resistance are estimated to be 0.95, 0.91, and 0.08 sec., respectively, while the corresponding periods for the 10-level model are 2.08, 2.06 and 0.17 sec. For the As mentioned earlier, the models are excited by twenty seismic records, which are given in Table 3 and are denoted as Earthquakes 1 to 20. Their predominant periods, in terms of pseudo-acceleration, vary from 0.11 to 1.0 sec. and were selected in such way that the maximum accelerations of the horizontal components were at least 0.15 g with a duration of the strong phase of at least 15 sec. The earthquake time histories were obtained from the Data Sets of the National Strong Motion Program (NSMP) of the United States Geological Surveys (USGS). The normal and principal components are used in the study. The components recorded directly by the measuring devices (seismograph) are defined as normal components. When such components are transformed to uncorrelated components the principal components are obtained.
LIMIT WIDH/THICK RATIO IN DEEP COLUMNS
The use of deep columns allows more easily achieving the strong-column weakbeam design requirements. However, their moments of inertia about the weak axis are relatively small in such a way that revision of the lateral torsional buckling limit state is required. In the Specifications of the American Institute of Steel Construction (AISC 2005a), in Chapter F (Design of Members for Flexure), it is indicated that if the lateral unbraced length (L b ) of the compression flange of a compact I-shaped beam in flexion is smaller than an amount defined as L p , lateral torsional buckling will not occur before the beam reaches its plastic moment capacity. In other words: if L b ≤ L p , the limit state of lateral torsional buckling does not apply and, where, Table 2 . Deep column sections for equivalent models Table 3 . Earthquake Models √ y M n = Nominal strength in bending, M p = Plastic moment, F y = Yield stress specified for the type of steel used, Z x = Plastic section modulus about the strong axis (axis X), r y = Radius of gyration about the weak axis, E = Elasticity modulus of steel. Besides, if the width/thick ratio of the elements that form the cross sections of Ishaped columns (b f /2t f for flange and h/t w for the web) does not exceed a limit value, local buckling of such elements will not occur before buckling member. The limit relations, for the case of compact columns are given by the following expressions:
Additionally, for the case of deep columns, where the web is relatively slender, shear buckling of panel zone may occur. This failure mode can be avoided by limiting the relation h/t w of the column web to the value given by the following expression (AISC 2005a) :
If the h/t w ratio of the column web satisfies Eq. (5), it is expected that the column web can reach yielding by shear before buckling, and the nominal shear strength (V n ), could be calculated with by:
where A w is the web area. From an observation of the properties and dimensions of the W column sections available in the tables of the AISC manual (AISC 2005b), it is found that the W27 sections Grade 50, which are used as deep columns in this study, satisfy Eqs. (3), (4) and (5).
3D MODELS WITH EQUIVALENT COLUMNS IN TERMS OF STRENGTH
In this chapter, the seismic responses of buildings with W14 columns, modeled as three-dimensional structures, are compared with the corresponding responses of buildings with W27 columns. To compare the interstory displacements the parameter Figs. 2a and 2b for the 3-and 10-level models, respectively, for the case of normal components, elastic behavior and X direction. The symbol ET is used in the figure to represent the word interstory. It is observed that the D 1 values significantly vary from one earthquake to another and from one story to another without showing any trend, and that these values are generally greater than unity, reaching values of up to 1.5. The implication of this is that the displacements are larger for models with W14 columns. Similar ratios for some individual frames were also calculated. However, the results are not presented because there were not significant differences.
The V 1 parameter, defined as V 3,M,R /V 3,L,R , is used to compare the interstory shears. This parameter has a similar meaning that D 1 but average interstory shears and interstory shears for individual frames are considered in this case. The average V 1 values for the 3-and 10-level models are presented in Figs. 3a and 3b, respectively, for the case of normal components, elastic behavior and X direction. The V 1 values for the 3-level model are presented in Figs. 4a and 4b for an exterior and an interior frame, respectively, for the case of normal components, elastic behavior and X direction too. The results indicate that for average shears and shears at exterior frames, the V 1 values are similar and generally less than unity, values smaller than 0.7 are observed for some cases, implying that the shears are, in general, higher for models with deep columns. Like D 1 , V 1 significantly vary from one earthquake to another and from one story to another without showing any trend. As expected, a large correlation is observed between D 1 and V 1 . For interior frames (Fig. 4b) , the shear ratios are considerably greater than unity; for the case presented, they practically vary from 1.4 to 2.6, indicating that the shears are greater for the models with W14 columns.
The previous figures represent typical values of the D 1 and V 1 parameters. However, considering two models, two directions, normal and principal components, elastic and inelastic behavior, and displacements and shears (average and individuals) as global response parameters, a total of 64 figures were developed, which are not presented because of lack of space. Only the fundamental statistics in terms of mean (μ) and coefficient of variation (δ) are presented for all cases. The results are given in Table 4 . Table 4 corroborates what observed from individual plots: in terms of averages, the D 1 values indicate that the displacements are generally larger for models with W14 columns and the V 1 values that the shears are larger for models with W27 columns. However, the differences between the results of the two columns sizes are greater for the case of displacements; D 1 mean values close to 1.20 are observed in several cases while those of V 1 are close to unity in most cases. The uncertainty in the estimation is similar for both D 1 and V 1 , ranging from 9 to 18%, indicating a moderate dispersion. For individual frames, the V 1 mean values are generally smaller than unity for exterior frames but significantly greater than unity for interior frames, values larger than 2 are observed in many cases, the maximum value observed is 2.75. The implication of this is that interstory shears at the interior GF is significantly reduced when deep columns are used. This helps to counteract the no conservative effect that occurs in the design practice of the structural system under consideration, when lateral seismic forces are not considered in the design of GF. It is also observed that the uncertainty in the estimation of V 1 is greater for interior frames. Significant differences are not observed between the statistics of normal and principal components, or elastic and inelastic behavior. The responses in terms of local parameters (axial force and bending moment) are now discussed for some particular columns which are located at the ground floor level (Figs. 1c and 1f) . Table 5 . The A 1 mean values are larger for the case of elastic behavior and interior columns, the maximum value observed is 1.58. In the remaining cases the axial forces are generally larger when W27 columns are used. The uncertainty in the estimation of A 1 is considerable, δ values greater than 40% are found in some cases. It is observed that the M 1 mean values are smaller than unity in all cases, the minimum observed value is of 0.65. They are larger for 10-level Model and interior columns. The uncertainty in the estimation of A 1 is larger than that of M 1 . Significant differences are not observed between the statistics of elastic and inelastic behavior or normal and principal components. 
2D MODELS WITH EQUIVALENT COLUMNS IN TERMS OF STRENGTH
The seismic responses of buildings with columns of medium and large depth, modeled as two-dimensional structures, are presented in this section of the paper. The Table 6 shows the statistics of D 2 and V 2 . They confirm what was observed from individual figures: displacements are larger for the models with W14 columns while shears are slightly larger for the models with W27 columns. As for the 3D case, the uncertainty in the estimation of D 2 and V 2 is not considerable. The statistical values of D 2 and V 2 are quite similar for elastic and inelastic behavior and for normal and principal components. By comparing the mean values of the displacements ratios of the 2D (D 2 ) and 3D (D 2 ) modeling, it is observed that they are similar in the sense that the ratios are, in general, greater than unity. However, they are larger for the 2D models, indicating a greater difference between the displacements of the buildings with W14 and W27 columns. The implication of this is that the seismic responses of the buildings under consideration modeled as 2D structures may be different than those of the 3D modeling. In the case of shear ratios no significant differences are observed between the 2D and 3D modeling.
The A 2 and M 2 ratios, defined as A 2,M,R /A 2,L,R and M 2,M,R /M 2,L,R , are used to compare axial forces and bending moments, respectively, of the buildings with the two column sizes. Several plots for these two parameters were also developed, but the results are not presented. It is observed from the plots, however, that the A 2 values are, in most of the cases, smaller than unity. For some particular cases, however, they are significantly greater than unity. The statistics for all the cases are shown in Table 7 . The largest value of the mean of A 2 is observed for interior columns of the 3-level buildings, for the case of elastic behavior and normal components. The individual and mean values of M 2 are practically smaller than unity in all cases. The mean values are larger for the 10- 
3D MODELS WITH EQUIVALENT COLUMNS IN TERMS OF WEIGHT
The seismic responses of 3D buildings with W14 columns are now compared with those of 3D buildings with equivalent W27 columns in terms of weight. Similar parameters to those of the case of equivalent strength are defined for this purpose. The
parameters, are used to compare the interstory displacements and shears, respectively. The terms in the above expressions have the same meaning as before, the only difference is that now, as previously commented, the equivalence between columns is given in terms of weight. The D 3 and V 3 values are shown in Figs. 7(a) and 7(b), respectively, for the 10-level model, principal components, elastic behavior and the Y direction. It can be seen that the D 3 ratio considerably varies from one earthquake to another and from one story to another. However, the variation from one interstory to another is smaller. It is observed that, as for the equivalent strength case, the D 3 values are, in general, greater than unity, reaching values of up to The Statistics for D 3 and V 3 are given in Table 8 . It is observed that, for the case of averages, the D 3 mean values are greater than unity reaching values of up to 1.49 while the V 3 mean values are lower than unity in practically all the cases. Both parameters show considerable dispersion (close to 40%) for some cases of the 3-levels model. Significant differences are not observed between the statistics of normal and principal components or elastic and inelastic behavior. It is noted that, as in the case of interstory average shear, the V 3 mean values of exterior frames are lower than unity. On the other hand, the values for interior frames are much larger than unity, values close to 3 are observed in some cases. The reason for this is that the W27 columns attract higher interstory shears than the W14 columns, accordingly the interstory shears at the interior GF of models with W27 columns are much smaller than those of the models with W14 columns. As previously commented, this helps to reduce the no conservative effect implicitly considered in the design practice of steel building with PMRF when lateral seismic forces are not included in the interior GF. Comparing the with those corresponding to the equivalence in terms of strength (D 1 ), it is observed that they are higher for the case of equivalence in terms of weight. This conclusion also applies to interstory displacements of individual frames. For average shears and shears at exterior individual frames, the mean values are generally smaller for equivalence in strength, but for interior individual frames they are larger for the case of equivalence in weight. For both shears and displacements, the uncertainty in the estimation is generally smaller for the equivalent strength case. The axial force and bending moment ratios are now discussed. The A 3 and M 3 parameters are considered for that purpose. These parameters have the same meaning that D 3 and V 3 except that now axial forces and bending moments are considered instead of displacements and shears. As for the other parameters, figures for the two models, directions and deformation levels were developed for A 3 and M 3 but are not shown. Only the results in terms of fundamental statistics are shown for all cases ( Table 9 ). The results, in general, indicate that the A 3 mean values are larger for elastic than for inelastic deformations and higher for the 3-than for the 10-level model; values close, or even larger than 2, are observed (interior columns). The uncertainty in the estimation is considerable and significantly larger for elastic behavior and the 3-level building, values of δ of up to 60% can be observed. Comparing the results of the axial force ratios here found (A 3 ) with those of the equivalence in strength (A 1 ) it is observed that the mean and coefficient of variation values are greater for the case of equivalence in weight. For the M 3 ratio, their mean values are smaller than unity, which in turn are greater for interior columns of the 10-level model. The coefficient of variation values range from 23 to 39%, showing an important uncertainty in the estimation. Significant differences are not observed between the statistics of M 3 for normal and principal components or for elastic and inelastic behavior. The mean values of bending moment ratios are smaller for the equivalence in terms of weight (M 3 ) than for the equivalence in terms of strength (M 1 ). However, the uncertainty in their estimation is larger for the equivalence in terms of weight. The uncertainty in the estimation is larger for D 4 than for V 4 and larger for the 3-than for 10-level model. No significant differences are observed between the statistics of elastic and inelastic behavior or normal and principal components. Results also indicate that the displacements ratios for the 2D modeling may be significantly greater for the equivalence in terms of weight when compared to those of equivalence in terms of strength. For shears however, the ratios are slightly larger for the equivalence in strength.
2D MODELS WITH EQUIVALENT COLUMNS IN TERMS OF WEIGHT
With the purpose of comparing axial forces and bending moments for buildings with both column sizes, the parameters A 4 and M 4 are used. Their statistics are presented in Table 11 . The results indicate that the A 4 mean values for inelastic behavior are close to the unity while those of elastic behavior are generally greater than unity. The M 4 mean values are smaller than unity in all cases. As for the A 4 parameter, the mean values of the M 4 ratio resulted greater for the elastic case. The δ values of A 4 and M 4 show that there is a considerable dispersion, particularly for the elastic case. This is greater for the 3-level model. Comparing the A 4 mean values here found with those of the equivalence in terms of strength (A 2 ) it is observed, in general, that they are larger for the equivalence in terms of weight. The mean values of moment ratios are larger for the equivalence in strength. The uncertainty in the estimation of both parameters resulted greater for the case of equivalence in terms of weight. From the results presented in this section of the papers and in the others, it can be summarized that the ratio of interstory displacements of steel buildings with PMRF to the corresponding displacements of the buildings with W27 columns are always larger than unity, values close to 2 are observed in some particular cases (Fig. 7a) . The implication of this is that the use of deep columns may help to significantly reduce the interstory drifts, which is an important parameter considered in building seismic design codes. As stated earlier, this is particularly important for tall steel buildings where the design is controlled by this limit state. The corresponding ratios in terms of average interstory shears and interstory shears for exterior individual frames are slightly smaller than unity implying a similar shear for the building with both column sizes, but for interior frames the shears are always significantly larger for the buildings with W14 columns. The bending moments are always larger for the buildings with W27 columns, however, the axial forces are significantly larger for the building with W14 columns for some cases. The seismic responses of the 3D buildings with deep columns are also compared with those of the 2D buildings with deep columns. However, the results are not presented, only the main conclusions are commented. It is found that the interstory displacements and shears may be significantly greater for the plane models than for the three-dimensional models. For the case of axial forces, they resulted also much larger for plane models practically in all cases. Bending moments resulted smaller for plane models in some cases. The above comments are valid for both criteria of equivalence in columns. The implication of this is that the modeling a 3D building as a plane frame for purposes of seismic analysis may result in a very conservative design 
CONCLUSIONS
The ratio of the seismic responses of steel buildings with perimeter moment resisting frames (PMRF) with medium columns (W14) to the corresponding responses of steel buildings with large columns (W27) is studied. Two models of steel buildings considered in the steel SAC project are used for this purpose. The W27 columns are selected according to two criteria: (1) equivalent resistance (the W14 column weight is approximately 60% higher and therefore represents a higher cost), and (2) equivalent weight (equal cost). It is shown that the W27 columns have not problems of lateral torsional buckling, local buckling or shear buckling in panel zone. The comparison is made in terms of global (interstory displacements and shears), and local (axial loads and bending moments) response parameters. Plane and three-dimensional models are considered. The structural models are subjected to the action of twenty seismic records of earthquakes that have been previously selected taking into account their intensity, frequency contents and duration of the strong phase.
The results indicate that the two-dimensional modeling of three-dimensional structures may result in very conservative designs. It is also observed that the responses may be greater for W14 or W27 columns case, depending on the deformation level, response parameter and the structural modeling under consideration. The ratio of interstory displacements of steel buildings with W14 columns to the corresponding displacements of the buildings with W27 columns are always larger than unity, values larger than 2 are observed in some particular cases. The implication of this is that the use of deep columns may help to significantly reduce the interstory drifts, which is an important parameter considered in building seismic design codes. This is particularly important for tall steel buildings where the design is controlled by this limit state.
The corresponding ratios in terms of average interstory shears, and interstory shears for exterior individual frames, are slightly smaller than unity implying a similar shear for the building with both column sizes. For interior frames, however, they are always significantly larger than unity for the buildings with W14 columns, values close to 3 are observed in some cases. The implication of this is that W27 columns attract higher interstory shears than W14 columns, accordingly the interstory shears at the interior gravity frames (GF) of models with W27 columns are much smaller than those of the models with W14 columns. It helps to counteract the no conservative effect that results in the design practice of the structural system under consideration when lateral seismic forces are not considered in the interior frames. The bending moments are always larger for the buildings with W27 columns, however, the axial forces are significantly larger for the building with W14 columns for some cases. Significant differences are not observed between normal and principal components or between elastic and inelastic behavior, for the case of global response parameters and for the case of moments in columns. It is concluded that, the performance of steel buildings with PMRF with W27 columns may be superior to that of buildings with PMRF with W14 columns, using therefore less weight and representing a lower cost.
